ABSTRACT Kaolin is removed from underground seams in the mining area to a processing area, where it is sliced, dried, and pulverised to make the finished product. A study was undertaken to determine the dust concentrations in various work areas and to assess the prevalence of radiographic and pulmonary function abnormalities in 65 workers at a Georgia kaolin mine. Respir 
and FEV, were significantly lower in the workers with kaolinosis than in other workers in the processing area. The FVC and FEV, also declined significantly with increasing years of work in the processing area. The FEV,/FVC%, however, was not significantly altered either by the presence of kaolinosis or by an increasing number of years of work, indicating that the impairment was restrictive and hence likely to be a consequence of dust inhalation rather than smoking. In this study the highest dust concentrations occurred in the processing area, and kaolin pneumoconiosis was limited to those who had worked there. Kaolin exposure appeared to have a small but significant effect on ventilatory capacity in those with kaolin pneumoconiosis and in workers with a longer exposure. There was no association between the radiographic appearances of kaolinosis and cigarette smoking or between the presence of radiographic abnormalities and reduced arterial blood gas tensions. 
Methods
The entire work force of 65 men employed at a kaolin mine in Georgia was studied. The records of present and past employment for each worker were obtained from the plant personnel office. The work sites were divided into the mining area, where kaolin was being removed from underground seams; the production and processing area, where the kaolin was being crushed and pulverised; and the plant and vehicle maintenance area. The kaolin, when it is removed from the underground seams, is in the form of moist lumps and there is very little visible dust generated during mining. The kaolin is taken from the mining area by trucks to a processing area, where refining takes place. Sand and other impurities are removed by filtering the clay through a fine mesh screen. The aqueous slurry is then centrifuged and the clay removed. Kaolin is processed by either a "wet" or a "dry" method (air flotation).
In the wet method the kaolin is mixed with water and undergoes a series of operations to produce fine particle kaolin. In the dry method contact with water does not occur. The kaolin lumps are sliced, crushed, dried, and then stockpiled. The clay is further dried and pulverised by air flotation in various bins and mills. These processes lead to intense generation of dust. Dry processing was used extensively before 1940 but has been largely replaced by the wet method. Jobs in the production and processing area result in the highest exposure to dust; at this site kaolin lumps are pulverised, dried by air flotation, and then bagged and loaded into cars. Those who work in the processing area carry out all these jobs at different times, and are not solely baggers or pulverisers. Maintenance workers have intermittent exposure to dust when cleaning or repairing equipment but many had previously worked for a time in processing. The miners and those who work at or near the mine have virtually no exposure except when they walk through the processing area. Most new workers start in processing work, this being the least skilled; and while some move on to more skilled jobs such as maintenance, others remain in their original job. There were 17 workers at the mine area, 25 at the processing area, and 10 at the vehicle and plant maintenance area, some of whom had previously worked in the processing area. In addition, there were 9 ' Arterial blood gas measurements were made at rest and after exercise.
The predicted values used for spirometry and flows were those of Morris et all ' and for lung volumes those of Goldman and Becklake. ' 2 Predicted values were corrected for black subjects by an adjustment factor of 0-85. '3 Dust concentrations from the different areas were compared with an unpaired Student' s t test. Spirometric comparisons between the subgroups were performed with the Wilcoxon rank sum test. A p value of less than 0*05 was considered significant.
Results
The mineral analysis of the dust showed the composition to be 94-98% kaolinite and 2-6% anatare (TiO2). Neither asbestiform fibres nor crystalline silica was detected in any of the respirable dust samples.
During a five year period (1977-81) 157 respirable dust measurements were obtained from the three main areas. The mean dust concentrations at the three areas and the number of samples analysed during the five year period are shown in figure 1. Throughout the study period the dust concentrations were significantly higher in the processing area than in the maintenance and mine areas (p < 0.025).
Radiographic abnormalities were found in five workers, all of whom worked in the processing area and all of whom had symptoms of bronchitis. One worker had complicated pneumoconiosis (fig 2) and four had simple pneumoconiosis. A summary of the radiographic findings appears in table 1, with the time spent working in the processing shed. The radiographs of an additional four workers in the processing area were interpreted as category 0/1. All had more than five years of exposure. In contrast, only one of the 40 radiographs of workers not employed in processing was interpreted as category 0/1. The worker with complicated pneumoconiosis had spent his entire working life in the processing shed (36 years), while the worker with the shortest exposure (seven years) had the least radiographic abnormality.
The results of spirometry for all 65 effects on pulmonary function. Possible contamination by other dusts is an important consideration since silica exposure has been reported in kaolin firebrick workers'5; but the fact that the dust to which our men had been exposed was pure kaolin, with no free silica or asbestos, was well established by the multiple qualitative analyses of the dust. The complete absence of silica indicates that inhalation of kaolin alone can lead to pneumoconiosis.
It is clear that the highest respirable dust concentrations occur in the processing area. The subjects in the present study worked at a mine where kaolin is still processed by the dry method, and on completion of this process 50-80% of the particles are in the respirable range. The prevalence of kaolin pneumoconiosis and the respirable dust concentrations are likely to be lower in those mines where wet processing is in use.
Measurement of dust levels before 1977 had been irregular and infrequent, but an earlier survey of several kaolin plants in Georgia showed dust concentrations over a hundred million parts per cubic foot. '6 Thus there is little doubt that before regular dust sampling began dust concentrations had been far higher. Recent legislation and regulations have '8 The minimal effect on lung function is best explained by the fact that the nodules seen in kaolinosis are separated from each other by normal functioning alveoli.
The results of arterial blood gas analyses in five workers with kaolin pneumoconiosis are difficult to interpret. The only worker with complicated pneumoconiosis had a normal alveolo-arterial oxygen gradient at rest. Since all five workers with pneumoconiosis were cigarette smokers, it is difficult to separate the contributions of smoking and pneumoconiosis to the blood gas abnormalities.
Cigarette smoking has been thought to delay dust clearance and thus increase the incidence of dust related pneumoconiosis. '9 Although all five of the workers with radiological evidence of pneumoconiosis were cigarette smokers, the small number of workers in our study does not permit further comment; Rawlings et al, however, did not find any correlation between cigarette smoking and the presence of pneumoconiosis. pneumoconiosis at a kaolin mine. 
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